Stratigraphy, palaeoclimatology
and palaeogeography of the Late Palaeozoic
continental deposits in the Czech Republic
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ABSTRACT

Numerous Late Palacozui¢ continental basing were formed wichin the territo-
ry of the Czech Republic, Their sedimentary hiscory began cither in the
Westphalian (central and western Bohemia, Brandov Basin and basins in
Suderic area) or in the late Stephanian (Blanice and Boskovice Grabens). The
incompleteness of the floral record gives an evidence for several hiatuses the
most important of which are those between the Bolsovian and Westphalian D
and berween the Stephanian B and C. During the deposition, an increase in
sedimentary area, structural reworking and also considerable changes in sour-
ce areas took place.

RESUME

La stratigraphie, la paléoclimarologie et la paléogéographie des dépéts continentaux
du Paléozoique supérieur de Bohéme (République Tehdque). De nombreux bas-
sins continentaux d’ige paléozoique supérieur se sont formés sur le rerritoire de
la République Tcheque, Leur histoire commence soit dans le Westphalien
(Bohéme centrale et occidentale, bassing de Brandov et des Sudetes) soit dans le
Stéphanien supéricur (grabens de Blanice ¢t de Boskovice). On w'y trauve pas
toures les hiozones de paléoflore, ce qui montre la présence de plusieurs hiatus,
dont les plus importants sont ceux entre le Bolsovien et le Westphalien 1 et
entre le Stéphanien B et C. Pendane le dépéde, on note une augmentation de
I'aire de sédimenration et du remaniemenr structural et aussi des changements
considérables dans les sources d’apport.
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INTRODUCTION

Czech Republic (CR) occupies a relatively small
area of Europe. Geological units are among the
best explored areas of the European Variscides.
During the Late Palacozoic time, marine follo-
wed by paralic and continental sediments were
deposited. Analysis of their spatial and temporal
distribution should allow a better definition of
the Early Catboniferous-Late Triassic interval
which is critical for better understanding of the
dynamic evolurion of this part of Europe.

Sedimentation in soine Late Talaeozoic basins is
preceded by the Late Devonian sedimentation.
Gradual consolidation of the Variscides during
the middle Namurian to Triassic, characterized
by general thickening of crustal granite layer of
the Bohemian Massif (BM), resulred in an equa-
lization of strongly imbalanced heat and strain
conditions. Such consclidation followed by the
development of further nccan basins in broader
vicinity of the massif led to its collapse which
resulted in the development of numerous gra-
bens and horsts and also in splitting the plate
along strike-slip faults. These Laie Carboniferous
and Permian processes initiated the origin, rapid
development and relatively short existence of
various types of basins (Figs 1-3). In this manner
the mostly postcollisional intramontane basins of
the Bohemian Massif became a trap for domi-
nantly detrical marerial. The intramontane sedi-
mentary basins (Fig. 3) grew larger during the
late Westphalian time following an intra-
Westphalian hiatus, however, the oldest conri-
nental deposits are of the late Visean and
Namurian age. Formerly isolated depressions
were interconnected and formed larger basins
(Fig. 7). The sedimentation was interrupted seve-
ral times. The hiatus approximately between the
Stephanian B and C (e.g. Late Stephanian,
Doubinger et al. 1995) was associated with
changes in both the existing basins and in the
source areas. These changes resulted in strucrural
reconstruction of the central and western
Bohemian basins, an increase in the area of sedi-
mentation in central and western Bohemia and
interrupted sedimentation in the eastern parc of
the Krkono$e-piedmont Basin as well as in the
Intra-Sudetic Basin and elsewhere. In the source
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arcas, new basins in the form of grabens were
established (e.g. Blanice and Boskovice Grabens).
Other important changes are connecred with the
Saalic phase of the Variscan orogeny. During the
Saxonian to Triassic, these processes resulted in
considerable and rapid subsidence in filled basins
and in reduction of the sedimentation domain in
which detrital material was broughr in from gra-
dually eroded and peneplained source areas
(roday’s absence of sediments except the
Lugicum, 7.e. Sudetic basins). The deposition of
the Variscan continental molasse within the
Bohemian Massif ceased during the Triassic.
These sediments cover only a negligible part of
the arca. The ideas mentioned in chis paper, are
supported hy recently compiied palacogeographi-
cal maps (Figs 4, 6, 8) which represent an inte-
gral part of the Atlas of the Permo-
Carboniferous of the Bohemiun Massif (Pesek er
al. 1998)

VOLCANISM

Considerable mobility of basinal basements as
well as movements along the regional and local
faults resulted in volcanic acrivitiy which accom-
panied sedimentary processes. Several volcanic
cycles are represented by acid. intermediate and
basic volcanism. The earliest Middle Devonian to
early Westphalian cycle (Piichystal 1993) is sup-
posed to retlect the onset of the Brunovistulicum
(south-western projection of the Baluca terraine)
subduction underneath the central pacr of the
Bohemian Massif. This cyde gradually ceased in
the late Namurian and early Westphalian
(Kumpera & Martinec 199%). Another cycle is
related o the Duckmantian/Bolsovian to carly
Stephanian interval. It is characterised by abun-
dant acid volcanism the eady products of which
filled the central and western Bohemian basins.
This cycle proves the drift of volcanic centers
from Moravia into the western, central and NE
Bohemia. The final volcanic cycle coincides with
the late Stephanian and Autanian when extensive
intermediate to basic effusive bodies originated in
central and NF Bohemia. Products of acid volca-

nism are also abundant but considerably thinner
(Pesek & Tiésler 1979).
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Fic. 1. — Crystalline rock units and the pre-Variscan Palaeozoic formations of the Bohemian Massif, Chlupad-Vrana eds (1994), sim-
plified. 1, Late Palaeozoic to Tertiary deposits; 2, Barrandian Upper Proterozoic and Lower Palagozolc; 3, Tepld Crystalline;
4, Moldaniubian Crystalline Complex; 5, Moldanubian Pluton; 6, Krusné hory Mis, Crystalline Complex; 7, Krusné hory Pluton;
8, Central Bohemian Pluton; 8, Krkonoge-Jizéra Crystalline Complex; 10, Kutnd Hora Crystalline; 11, Zelezné hory Mts.;
12, Svratka Crystalline; 13, Moravicum; 14, Silesicum and Moravo-Silesian Palagozoic; 15, Brunovistulicum; 16, East Sudetes region

(crystalline units).
CLIMATE

[t is generally accepted that the climate during
the Late Carboniferous and particularly during
the Permian became warmer and consequently
drier (Parrish 1995). However, various climatic
conditions dominated in the different parts of
the newly consolidared supercontinent Pangea,
depending on latitude, altitude, topography and
the position within the continent (Ruddiman &
Kutzbach 1991; Zicgler 1990). Palacomagnetic
measurements (e.g. Krs & Pruner 1995) provide
an evidence that the Bohemian Massil was situa-
ted berween 4° and 6° N during the Late
Palaeozoie. Since the middle Namurian it occu-
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pied interior position at a distance of several
hundred kilometres from the northern coast of
the Tethys (Scotese & McKerrow 1990). The
Lare Palacozoic continenral deposits of the
Bohemian Massif exhibit several trends valid at
least for the whele Variscan Europe: a decreasing
in coal content since the Late Westphalian to the
Permian and increasing abundance in the occur-
rence of red bed deposits. Stephanian sediments
are typical by the alternation of thick grey and
red units while during the Permian, mostly pri-
mary red beds were deposited. Similar alterna-
tion reported by Rowley er al. (1985) in the
United States, is aseribed to variation in intensity
of monsoons. Monsoons are proposed in various
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climatic models for the low latitude regions of
the Pangea adjacent to the Tethys (Crowley er 4l
1989; Kutzbach & Gallimore 1989; Nairn &
Smithwick 1976; Pacrish & Peterson 1988; erc.),
It is expected that the monsoonal circuladon
with wet summers and dry winters began in the
Latest Carboniferous and probably unevenly
increased up to its maximum during the ‘Friassic
(Parrish er 2. 19806). Similar conclusion was arri-
ved at by Ziegler (1990) who studied a phyto-
geographic pattern of the Permian, The oldest
evidence of the seasonal climacte in the Late
Palacozoic continental deposits of the Bohemian
Massif is represented by the liminared lake depo-
sits of the Srephanian B age (lower part of the
Forezian, Doubinger ez al. 1995) covering an
extensive area of several thousand square kilo-
metres. Lamination consists of typical dack-light
couplets reflecting seasonal variation in organic
content (Skocek 1990). Similar lamination
occurs tn the Autunian deposits of the Rudnik
Horizon in the Krkonoge-piedmont Basin as
reported by Blecha ¢f @l (1997), who also detec-
ted cyclic variations in baron conrene in lake
deposits of annther Autunian horizon. The ori-
gin of cycles may have been related 1o high fre-
quency climatic changes with a periodicity of
thousand or even tens of thousand years, More-
over, the occurrence of evaporites (Prouza er af.
1977) and the elevated contents of boron in the
Late Palacozoic sediments of the Bohemian
Massif also argue for dry climatic conditions
(Bouska & Peiek 1985).

In contrast, Becq-Giraudon & Van den Drissche
(1994) proposed periglacial conditions at the
altitude of nearly 5000 m for the deposition in
Stephano-TPermian basins of the Massif ceneral.
These authors give sedimentological and floristi-
cal evidences enhanced by geotectonic argu-
ments.

Late Palaeozoic continental basins of the
Bohemian Massif and the Massif central show
the same geotectonic position, latitude, and in
many cases comparable tectono-sedimentary his-
tory. Despite this, there has not been found any
evidence for such a high relief or remperate cli-
mate in the Bohemian Massif during this period
yet. Floristic records from Bohemia only confirm
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a rapid decrease in lycopsids plants at the end of
the Westphalian and increasing frequency of
Walchia during the Stephanian. As a whole, the
Bohemian late Westphalian to Autunian floras
are rich in species, most of which being known
from NW Spain and other, formerly paralic
basins of NW Germany, Belgium and N France.

BEGINNING OF THE LATE PALAEOZOIC
CONTINENTAL DEPOSITION IN THE
BOHEMIAN MASSIF

The oldest Carhoniferous continental sediments
of the Bohemian Massif are known from the
Intra-Sudetic Basin, where putely continental
conditions were established after 1 marine regres-
sion in the late Visean. First coarse grained sedi-
ments were deposited as alluvial fans in
piedmont setting (Blazskow Conglomerates).
They grade inta marshy-tluvial, partly coal-bea-
ring Walbrzych (Waldenburg) Pormation of the
carly Namurian age, Above, they pass into luvial
deposits (Rialy Kamien Member). These sedi-
ments ate known mainly from the Polish pare of
the Basin, In the Czech territory, sedimentation
of the Zaclér Formation began around the
Namurian/Westphalian boundary after an episo-
dic Visean deposition of the Blazskow
Conglomerates. Its lower part, the Lamperiice
Member consists of coal-bearing fluvial cycles
with conglomerates at the base. This unit has
yielded rich flora referring to the Langsettian
(Westphalian A) age. Newralethopreris schlehanii
(Swar) and Lonchopieris conjugara (Goeppert)
dominarc, while Lanchapteris rugnsa Broangniart,
typical fot Duckmantian (Westphalian B), s still
missing, (Kotasowa & Migier 1995; Seclik 1977).
Scdiments of the Lampertice Member pass into
the Doly 2d ‘irky Member of the Duckmantian
(Westphalian B) age either conrinuously or afrer
a short hiatus at SW margin. In the Late Silesian
Basin, the non-marine deposition ronk place
from the middle Namurian and with several hia-
tuses lasted undl che Stephanian in the Polish
part.
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Fia. 2, — The extent of sedimentation and coal formation in Lale Palaeozoic basins of the Czech Republic. 1, coal-barren sedimen-
tation; 2, period of significant coal formation; 3, period of less important to negligible coal formation; 4, problematic age of a unit; 5,
break in sedimentation; €, the given interval preceded by an early sedimentation.

DUCKMANTIAN AND BOLSOVIAN and western Bohemia. It is supposed that sedi-
(WESTPHALIAN B AND C) mentation in the Czech part of the Late Silesian

Basin continued at least till the Duckmantian.
Sediments of the unit studied were deposited in  However, these youngest deposits have been fater
several isolated regions in the Intra-Sudetic eroded.
Basin, Krusné hory Mountains and in the central Duckmantian and Bolsovian deposits in the
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Intra-Sudetic Basin successively filled the base-
ment depressions. The maximum subsidence
shifted from the NW to the SE. Detrital material
transported to rhe basin from the SW, W and
SE, is represented by talus, alluvial fans and flu-
vial to fluviolacustrine deposits containing less
coal than the overlying unit. The sousce arca
which supplied the Intra-Sudetic Basin with
detrital material is thought to have had mount-
aineous reliet as suggested by the occurrence of
fanglomerares. The present distribution of Duck-
mantian and Bolsovian sediments seems to be
similar to their original extent. Mechanical wea-
thering is rhought to have been the dominane
process during the Duckmantian and Bolsovian
(Tasler e¢ 2l 1979). Duckmantian and Bolsovian
sedimentation was accompanied by gradually
increasing volcanic acrivitity (Magek 1973). The
center of acid volcanism is believed to have been
located in the vicinity of the Polish Walbrzych,
Duckmantian and Bolsovian sedimenrs of the
Brandov Buasin in the Krusné hory Mountains
(Fig. 9) were deposited in a narrow, NW-tren-
ding depression including Lare Palaeozoic basins
between the towns of Olbernhau and Floha in
the Fl&ha river valley, Germany, The SE align-
ment of these basins possibly trends farcher to
the Slany-Tfténo depression marked by acid syn-
chronous volcanism between Peruc and Titéno
in central Bohemia.

The Krusné hory Mountains Carboniferous sedi-
ments were deposited on a rugged basement of
the Kru¢né hory ¢rystalline complex (Fig. 1).
Sporadic data indicate that the preserved derrital
sediments containing abundant local material,
were transported for a short distance in streams
flanked occasionally by alluvial plains covered
with vegetation.

Sediments of the Radnice Member were deposi-
ted in the central and western Bohemia (Fig, 5)
on an alluvial plain during a period of higher
mobility of the basin’s basement and associated
with extensive volcanic activity. These sediments
initially filled two depositional centers which
were later connected. The castern deposiuonal
center includes approximarely an arca of the cast-
ern part of the Kladno-Rakovnik Basin including
isolated small remnants to the S. The Rakovnik,
Radnice and Plzen regions, including remnants
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in their southern and eastern vicinities, represent
the western depositional center. The lacter center
is thought to have heen drained toward the SW
into Bavaria whereas the castern center is belie-
Vcd wn }!3\'(' bccﬂ COIlﬂCCth \V"Idl the sea OP '[he
West European forcdecp through the Krugné
hory and Flgha Basins. The western depositional
center might have been drained in this direction
during deposition of the upper Radnice Member.
Duckmantian and Bolsovian sediments originally
did noc cover the entire area of the central and
western Bohemian basins. Low, NE-trending
ridges of mostly Proterozoic basement served as a
source of gravity-induced fanglomerares and
short debris-flows.

The Lare Carboniferous central and western
Bohemian basins conmain locally very coarse
detrital sediments deposited by ephemeral
streams. I.Z]I'ge pcat bog& were F()rmed on br()ad
alluvial plains during warm and humid climarte.
Coal-forming vegetation is thought to have
rapidly expanded into abandoned meanders
during srream migration. Numerous volcanic
centers were formed in several hasins and rtheir
broad vicinity.

A major N-§ trending stream, parallel to the axis
of rhe Plzed Rasin, transported derritus from the
north where an extensive dry land existed during
the Duckmantian and Bolsovian. This stream
prevented coal formarion during the deposition
of rthe lower Radnice Member, At the same rime
similar streanu flowed from Rakovnik to Radnice.
The Huvial deposition resulted in splitting of
coal secams or in their absence in the broad vici-
nity of the above mentioned towns. Yet another
major stream flowed from the SW into an inten-
sively subsiding NW-SE trending depression bet-
ween Slany and Ttténo. This strcam is assumed
to have continned toward Brandov and further
into Germany (sec abave).

Alluvial plain of the Radnice Member subsided
along the central Bohemian deep-seated fault
(Misat eral, 1983) tlinked probably by a zone of
piedmont sedinientation, The main sourceland
represented by the céntral Bohemian pluton is
supposed to be located S of this fault, Local sour-
celands were scattered throughout the alluvial
plain. The source areas adjacent to the
Carboniferous basins and the remaining area of

GEODIVERSITAS « 1998 « 2C (4)
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Fic. 3. — Late Carboniferots and Permian continental deposits of the Bohemian Masslf Chiupdé-Starch eds (1992). 1, Sudelic
Late Palaeozoic: 1a, Ceska Kamenice Basin; 1b. Miichovo Hradisté Basing 1¢, Krkonose-piedmont Basin and accurrences near
2vicina and at the Hofice alevation; 1d, intra-Sudetic Basin (Czech pant); 1e, Permian formations In the Orlické hary Mountains; 1f,
Orlice Basin 2, cenlral and weslern Bohemian Lals Palaeczoic deposits: 2a‘ Pl2er Basin, 2b, Manétln Basin; 2¢, Radnice Basin;
2d. Zihle Basin; 2e, Kiadno-Rakovnik Basin; 2f, Méeno-Roudmee Basin; 2g, Kravare occurrence. 3. Lale Palaeazmc of lhe Krusné
hory Mountains: 3a, Brandov occurrence, 3b. Mikulov occurrences. 4, Late Palasozojc sediments of the graben structures: 4a,
Blanice Graben (irom nonth to south). Cesity Brod regian, Vlasim occurrence, Tabar accurrence, Ceské Budéjovice reglon; 4b,
Boskovice Graben with Miroslav occurrence in south; 4c, Jihlava Graben (Zelezné hory Mountains and Hradec Kralové occur-

rences).

the Bohemian Massif are thought to have dis-
played deeply levelled mountain relief.
Sedimenration in afl basins took place in depres-
sions between adjacent ridges thar exercised
considerable control upon sediment distribution.
Thicker coal seams originated in their “sedimen-
tary shadow” (Pegek 1968) being protected from
considerable supply of detrital material.

The Duckmantian and Bolsovian sedimentation

GEODIVERSITAS » 1998 « 20 (4)

was accompanied by relatively abundant volcanic
activity. Warm and humid climate was favou-
rable to the formation and preservation of coal
seams. Diversified Duckmantian und Bolsovian
flora contains the following stratigraphically
important species: Sphenophyltum myriophyllum
Crépin, Sphenophyllum cuneifolium (Sternberg),
Lepidodendron simile Kidston, Laveineopteris
loshi (Brongniart) and Laveineopteris tenuifolia
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{Schlotheim). On the other hand Pecopteris
penaeformis (Brongniart) is a typical element of
the Radnice Member. Lonchopteiis rugosa
Brongniart is common in the Doly Zd drky
Member but it is exrremely rare in the lower part
of the Radnice Member in central und western
Bohemia, The presence of Annularia. sphenophyl-
loides (Zenker), A. stellara (Schlotheim) and
Sphenophyllum emarginatum (Brongniarr) is cha-
racteristic of the upper parr of rthe Bolsovian suc-
cession in the Tnira-Sudetic Basin (Metrovice
Member) but these species are very rare in the
Radnice Member. The total assemblage of the
Radnice Member is indicarive of either late
Duckmantian or ¢arly Bolsovian (Wagner 1977).
The age of the Doly Zd’irky Member is mostly
Duckmantian, but flora in its upper part is very
similar to that of the Radnice Member. However
the following unit, the Petrovice Member, is
already of the lare Bolsovian age.

WESTPHALIAN D-CANTABRIAN

The facies pattern of rthis stratigraphical interval
indicates a continuous sedimentary domain
extending from the Manétin and Plzeri basins in
the west as far as the Intra-Sudetic Basin in the

east. This is in contrast to the eartlier period
when two separate sedimentary basins existed.
Havlena & Pesek (1980) believe that the central
Bohemian and Sudetic basins formed an arch
ppen to the souch ac this time.

Westphalian D to Cantabrian sediments in lim-
nic¢ basins of the Bohemian Massif were deposited
after a hiatus related to the Leonian phase defined
in Northern Spain by Wagner (1965). According
10 Wagner (1977) differences in floristical assem-
blages between the Radnice and the lower part of
the Nyfany Member provide good evidence of
stratigraphical gap comprising the late Bolsovian
and substantial part of the Westphalian D.
Comparable stratigraphic gap occurs. also in the
Carboniferous sediments of the Late Silesian Coal
Basin (Kotasowa & Migier 1995).

During the Westphalian D petiod, not only sub-
stantial increase in the area of sedimentation
occurred burt also additional NW-SE trending
depressions formed, The exrension of sedimenta-
ry basin further to the east and the marked
increase in thickess of the Nyfany Member, com-
pared to the Radnice Member are also duc to
Leonian orogenic phase.

Uneven subsidence of the basin’s basement
governed the pattern of detrital sedimentation at
the onset of deposition of the Svatonovice

FACIES AND RELIEF

Colluvium, alluvial fan - fan della
{tanglomerates, brecclas, coarse sandstones)

Alluvial plan (channel conglomerates
and.sanstones dominating)

Alluvial plain with ephemeral lakes
{sandstones. mudstones, locally coals)

Alluvial plain dominating with lakes
(fine sandstones, mudstones, locally coals)

GEOCHEMICAL FACIES, CLIMATE
€ oxic
. Anoxic

Il Humid warm to hot

E Hot semiarid to arid

]

Hummocky relief
D Highland and mountainous relief

ADDITIONAL DATA

@ Volcanic center

-

TmM—rmn OzrrsOor

Directions of clastic material
supply and transport

Stale boundary

Present margin of the Late
Palaeozolt basins

Original extent of
deplcted unit

LEGEND (Figs 4, 6, 8)
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LATE CARBONIFEROUS IN THE CENTRAL AND WESTERN BOHEMIA
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50 m_| Radnice Sphenophylium pustulatus BOLSOVIAN
cuneifolium
Dictyotriletes
0

Fic. 5. — Lithology and biostratigraphy of the central and western Bohemian Late Palaeozoic deposits on an example of the boreho-
le Ob1 (Otruby) in the eastam part of the Kladno-Rakovnik Basin, Czech Republic, 14°06'E - 50°15'N. 1, Oplustil & Pesek (this
volume); 2, Doubinger et al. 1995,

Member (Figs 7, 12) in the Intra-Sudetic Basin
(Tasler er al. 1979). Deposition of this unit to
the NW and SE of the south-western (7.e. Czech)

flank of the basin started after a hiatus as eviden-
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ced by the kaolinization of rhyolite tuffs, by the
redeposition of pebbles of the Petrovice Member
to the NW, and by a considerable reduction of
the thickness of the Svatotiovice Member to the
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Westphalian D - Cantabrian

Fia. 6. — Palaeogeography of the Czech Republic during the Westphalian D - Cantabrian (see legend Fig. 4).
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SE (Tdsler et al. 1979). Compared with the
Petrovice Member, the alluvial and alluvial-fan
deposirts are less abundant while the alluvial and
intermittent lake fine-grained deposits are thic-
ker. This resulted from higher morphological
maturity of the source areas compared to the ear-
lier periad of the Petrovice Member deposition
and to a decreased energy of streams. A major
change took place in the lithological character of
conglomeratcs. arkoses and sandstones. Pebbly
and sandy clasts of the lower Svatoriovice
Member, transported from the W (/e adjacent
Krkonose-Jizerslké hory Mountains crystalline
complex), were deposited in a much reduced
basin surrounded by weathered and ernded areas.
The sedimentation of the Svatofiovice Member
was terminated by extrusion of Jow viscosity
andesitic lavas forming laterally extensive but
rather thin body. Deposition of lacustrine and
fluvio-lacustrine sediments accompanied by per-
todic growth of peat followed this andesiric
extrusion. Further deposition of the Svatofovice
Member extended over the pre-Carboniferous
basement in the vicinity of Bernartice (NW part
of the Intea-Sudetic Basin) and around Hronov
(SE part). The filling of the Krkonoge-piedmont
and Muichovo Hradist¢ basins probably began
at this time (Fig. 7).
The areal distribution of the Nyfany Member in
central and western Bohemia is more extensive
than that of the underlying Radnice Member.
However, some low strucrural highs trending
NE-SW locally and initially prevented the depo-
sition of the N} rany Membet. Higher structural
highs are thought to have existed only in the area
of the Ktivokldt-Rokycany Voleanic Complex
and perhaps even south of the Manétin Basin.
Changes in source areas and also in extent of
sedimentary basins. took place during the break
in sedimencation, A system of NW-SE to NNW-
SSE trending grabens and harsts was formed
prior to, or at the same time as sedimentation of
the N)‘/fany Member began. The carliest deposits
of the Nyfany Member occur in the SE pait of
the Plzen Basin, in the area of the River Ohie
and in the Mirosov Carboniferous relic.
Variegated derricus produced by weathering of
the Late Proterozoic rocks in the west and the
surficial detritus from granitoid massifs was
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transported into che basin. The size of sedimen-
tary basin was rapidly enlarged and the upper
part of the Nyfany Member covered much of the
Méeno-Roudnice Basin. Lithology of the Nyfany
Member (Fig. 5) deposired on the alluvial plain
varies considerably comparing with the Radnice
Member sediments. Whereas in the western
Bohemian basing fluvial deposits prevailed, the
central Bohemian basins were partdly dominated
by lacustrine sediments deposited in several
intermittent lakes clongited in the E-W dircc-
tion and located in the central pact of the region.
Lacustrine sediments are flanked by alluvial fans
toward the south and locally even toward the
north. Low transporting competence of streams
flowing into these lakes was controlled by the
velocity and extent of flash floods. Coal seams
originated between the channcls and abandoned
meanders, in intermittent lakes and marshes.
Periodical influx of coarse derrital material consi-
derably reduced the early formation of coal
seams as pear bogs were not protected from the
detrital material by elevations of crystalline base-
ment as in the underlying unit (Pefek 1968).
Sedimentation of the Nyrany Member was
accompanied by weal, largely acid voleanics.
Detrital material was brought into the central
and western Bohemian basins from sourees in
the § and SE {particularly from the central
Bohemian pluton — see Kukal 1983; Pefek
1994). Some other granitic massifs also served as
sources of weathered material. Material from
weathered metamorphic complexes was washed
into the basin, roo.

The characier and dynamics of che water regime
in which these sediments wete depositcd is poor-
ly understood. We are of the opinion that the
central and western Bohemian Carboniferous
basins may have been drained into Saxony,
Federal Republic of Germany. However, hypo-
therical drainage in part of the central Bohemian
basins through Sudetic basins into N Sudetic
Basin in Poland cannor be excluded. The topo-
graphy of the Bohemian Massif remained almost
unchanged as compared with the deposition of
the previous unit. Some levelling of the relief
probably existed althongh local occurrences of
coarse deeritus are indicative of uplifted blocks
yielding largely mechanically weathered material.
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The depositian of Westphalian D-Cantabrian
sequence took place under similar climatic and
orogenic conditions as those prevailing during
the underlying unit, e under warm and humid
climate which was favourable for the growth of
rich vegetation, The Nyfany Member flara
contains two successive assemblages (Setlik 1977;
Wagner 1977). The older one is of the late
Westphalian D while the younger one, coni-
ning Sphenophyllum oblongifolinm (Germar &
Kaulfus) and Pecopeeris lepidurhachis Brongniart
refers to the Cantabrian. A little younger scems
to be the flora of the Svatofovice Member in the
Intra-Suderic Basin (Wagner 1977) which
contains alsa Praecallipteridinnt jangmansi
(Bertrand) and Odontopreris cantabrica Wagner.

THE STEPHANIAN IN THE LATE
PALAEOZOIC BASINS OF THE CZECH
REPUBLIC

It is generally accepted that the Late Palaeozoic
continental basins of the Czech Republic contain
sedimentary records comprising most of the
Stephanian (Havlena 1974; Sedik 1977; Pesck
1994; ctc.). Thus the Westphalian D co Early
Cancabrian age is assumed for the Nyfany and
Svatonovice Members in the central and westen
Bohemia and in the Sudetic area respectively.
Similarly, Barruelian (Stephanian A) is supposed
for the Tyncc Formation (with Neuropteris ovata
Hoffman), Stephanian B for the Slany Forma-
tion and Stephanian C for the Liné Formation
and their lateral equivalents in the Sudetic area
(Fig. 7). Lithologically and floristically proved
hiatuses of the basinal range are recorded only
from the Late Bolsovian to the Late Westphalian
D and berween Late Stephanian B o the Early
Stephanian C (within the Late Stephanian of
Doubinger ez al. 1995). The range of the lawer
extends up to the Autunian in the Intra-Sudetic
Basin. On the other hand, Wagner (1977) pro-
posed another long-lasting hiatus between the
Nytfany Member and the Tynec Formation in
the central and western Bohemia and adequate
units in the Sudetic region. This hiatus com-
prises most of the Cantabrian, Barruelian and

Stephanian B. The Late Stephanian B is therefo-
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re proposed for the Tynec and Slany Formations
and their equivalent in the Sudetic area by this
author. Continuous floristic succession seems to
be present from the the Late Westphalian D
Eacly Cantabrian and from the Late Stephanian
B tw Stephanian C. This hiatus is deduced main-
ly by the presence of Lilpapia raciborskii (Lilpop)
and Nemejeopteris feminaefarmis (Schlatheim)
from the Tynec Farmation and their absence in
the top of the Nyfany Member. Only the pare
occurring above the hiatus between the
Stephanian B and C has been selected to present
Stephanian palacogeography in this contribu-
ton,

STEPHANIAN C-AUTUNIAN

Stephanian C and Autunian sediments in limnic
basins of the Bohemian Massif were deposited
after a histus related to an inwra-Stephanian
phasc of the Variscan orogeny which is respan-
sible for remarkable changes in the geology of
sedimentary basins and source areas. The distri-
bution and abundance of deposits of the studied
i_ntel'val Sugg(zsl‘ 'l_hL'S[‘ Twu 5[38(‘:5 Sh()uld bC dCSCTi‘
bed separarcly.

Stephanian C and Aurunian sediments in the
central and western Bohemia as well as in the
Sudetic region consist mostly of unfossiliferous
ted beds in which flora is recorded mainly from
several grey horizons accompatied by thin coals
or bituminous shales with vertebrates. In the
Blanice and Boskovice Grabens the uppermost
Stephanian C contains mineable coal seams
accompanicd by rich flora. Whereas the presence
of Sphenaphylinim anguseifolium Germar is typical
for che Stephanian C. rich Gallipteris flora inclu-
ding Awtunia conférta (Sternberg) dominates in
the Autunian deposics.

Recently, the Stephanian was revised in the
Saiat-Etierme Basin by Doubinger er al. (1995).
They propose w subdivide the Stephanian into
an Early Stephanian (the Barruelian, equivalent
to the former Stephanian A), and a Late
Stephanian (the Forezian, equivalent to the for-
mer Stephanian B and C).

Basic featurcs of the Stephanian C (Havlena &
Pesek 1980), can be summarized as follows: an
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FiG, 7. — Lithostratigraphic division and correlation of the most important Late Palaeozoic limnic basins in the Czech Republic. 1, erosional unit boundary: 2, unit boundary; 3, hia-
tus; 4, a boundary betwean the Carboniferous/Permian formations and the underlying unit regardless of its age and petrographic composition; §, increase in the area of sedimenta-
tion over the basement In different hasins,



() 02 » 8661 « SYLISHIAIQAOID

119

2

Stephanian C - Autunian
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Fia. 8. — Palaeogeography of the Czech Republic during the late Stephanian (Stephanian C) - Autunian (see legend Fig. 4).
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LATE CARBONIFEROUS AND EARLY PERMIAN OF THE KRUSNE HORY MOUNTAINS

Krusne hory Formations Macroflora Palynomorphs Western Eurapean
Stages
AUTUNIAN
Red - LATE
SR STEPHANIAN
?
Sphenopteris
nummularia
fEnpies DUCKMANTIAN
gigantea
Grey
Sphenophylium BOLSOVIAN
cuneifolium
Corynepteris
angustissima
""""""" Senftenbergia
it pennaeformis

Fic. 9. — Lithological scheme of the Late Palaeozoic sediments of Brandov relic in the Krusné hory Mountains region, Czech

Republic, 13°24'E - 50°37'N.

extensive subsidence occurred during which
extremely thick sediments were accumulated in
the central Bohemian basins as a part of a consis-
tent central Rohemian-Sudetic area. In contrast,
much less sediments accumulated in the Sudetic
part of this arca, or sedimentation may have been
interrupted (7.¢. Intra-Sudetic Basin). During the
intra-Stephanian hiatus, a substantial part of
Stephanian B sediments was eroded from the
Intra-Sudetic Basin but a rather smaller part of
these deposits was removed in the Mnichovo
Hradisté and Krkonose-piedmont Basins
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(Fig. 10). The subsidence and sedimentation in
both Grabens (Boskovice and Blanice} as well as
in the Ceskd Kamenice Basin started probably
during the Early Stephanian C. The deposition
of Stephanian C sediments was also renewed
near Brandov in Krusné hory Mountains (Fig. 9)
after a long hiarus.

Stephanian C sediments were deposited in a
basin extending from western Bohemia as far as
to the Krkonose-piedmont Basin. The sedimen-
tation took place only in the Mnichovo Hradisté
and Krkonose-piedimont Basins due to the
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Fig. 10. — Correlation of lithostratigraphical units In parts of the Kladno-Rakovnik Besiiy, Mnichovo Hrediste Basli and Krkonose-pledmont Basin. Modified after Havlena & Pesek
(1980), 1-3, variegated aleurapeliles of the Line Formation (central Bohemian basins), and/or Semily Formation (Sudetic region): ¥, Stranka Horizon; 2, thickness of the Kiobuky
Horizen and/or upper Plouznice Horizon: 3. thickness of the Zdatin and/or lower Plouznice Horizon. 4, Msec Member and its black claystones equivalent of the Syrenov Formation.
5, 6. volcanites: 5, intrusive rocks; 6, extrusive rocks. 7, sediments with conglomerate interbeds of the Barrandien Yype {ZIkmundova-Holub 1965). 8-12, formation boundary: 8,
base of the LibStat Formation: 9, base ot the Line Formation and its equivalent, 10, base of the Slany Formation and its equivalent; 11, base of the Tynec Formation and its equiva-
lent; 12, base of the Kledno Formation. 13, Late Paleeozoic basement. 14, barehcle coltar. 15, borehiole data of the Late Patasozoic strata
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CARBONIFEROUS AND EARLY PERMIAN OF THE KRKONOSE-PIEDMONT BASIN

Pé-1 Formations Magcroflora Palynomorphs We?};arn S (Szgages
Vesicaspora spp.
Vittatina vostabilis
Prosecne Autunia conferta Gardenaisporites
glomuis
Knoxisporites glomus
Endosporiles fortiosus
Autunia conferta
Potonieisporites
novicus AUTUNIAN AUTUNIAN
Vittaina costabilis
Vrchlabi Emestiodendron i
filiciforme Protohaploxipinus spp.
Hamia pollinites
Ermestiodendron
filiciforme Cadiopara magna s
Callipteridium pteridien Spinisporites T
] spinosus £
) Alethopteris zeillen c p LATE
Semily Odontopteris Potonieisporites A STEPHANIAN
2 TaRe osmundaeformis novicus A
LA Pecopieris untia Cadiospora magna N
PR Annularia stellata Endasporites |
Sphettophyllum formosus A
ey Syrenov emarginatum Verrucosisponites B N
Sphenophylium sinensis
5b/ong€fg[’f"ljm Gillesprespontas spp. BARRUELIAN EARLY
A3 YPNIE STEPHANIAN
Alethopteris sp. CANTABRIAN
Kumburk s .
Pecopterigium costel
B Nemejcopteris
X ferninasformis WESTPHALIAN D
o e

Fic. 11. — Borehole Pé1 (Proseéné) from the central part of the Krkonose-piedmont Basin, Czech Republic, 15°41'E - 50°34'N.

1, Martinek (ihis volume); 2, Doubinger ef al. 1995.

arching of the eastern segment of the latter basin
and of the entire Intra-Suderic Basin in particu-
lar, The Krkonoge-piedmont Basin was probably
interconnected with the Ceskd Kamenice Basin.
The central Bohemian basins were possibly also
connected with the Late Palacozoic relics near
Brandov and Cesky Brod.

An ephemeral lake existed in west and central
Bohemian and some Sudetic basins. The extent
of this lake was comparable to the lake existing
earlier. However, the area of the basin alternately
increased or decreased depending on the volume
of coarse marerial supplied. Minor streams also
transported mud and rubble from weathered
rocks from the N. Kollert ez 2. (1975) and
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Holub et /. (1981) believe that substantial volu-
me of sediments is also of aeolian origin. Shallow
water-filled depressions were locally overgrown
by vegeration. After the deposition of the
Klobuky horizon, a short break in sedimentation
perhaps occurred in the eastern part of the
Mseno-Roudnice Basin. Carly Palacozoic racks
in source areas were exposed during this break.
Deposits of this age are also known from the
Carboniferous basement in the SE part of this
basin. The Silurian and Devonian limestones
were eroded and their fragments were transpor-
ted into the basin from the souch (Zikmundova
& Holub 1965).

The deposition of sediments ook place during
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LATE CARBONIFEROUS AND EARLY PERMIAN OF THE LOWER SILESIAN BASIN CZECH REPUBLIC

Brou-1 Formations Macroflora Palynomorphs Western European Stages
(1) M (1) (1) 2
Autunia conferta
Autunia naumanii
Walchia piniformis
Potonieispontes
novicus
Broumov Florinites
XL LI
AUTUNIAN AUTUNIAN
(e Autunia naumanii
- - Alethopteris zeilleri Cadiospora magna
Odontopleris brardii Angulisporites
splendidus
Sphenophylium Potonieispontes STEPHANIAN LATE
oblongifolium novicus . STEPHANIAN
: Sphenophyllum Verrucosispontes
D23193920 thoniv. minor grandiverfucosus BARRUELIAN
i EARLY
SR Odolov ) STEPHANIAN
Sphenophytium Vestispora fenestrata | CANTABRIAN
- : emarginatum
Sreemsere Veastispora quaesita
o Pseudomarioptens
ribeyronii WESTPHALIAN D
Sphenophylium Torispora securis
L BOLSOVIAN
Sphenophyllum Wesrph;f;;ﬂ;pontes
Zacler cuneifolium
Laveineopteris Dictyotriletes
100m tentiifolia bireliculatus
T Paripteris Savistiisparites DECKMANTISN
5 linguaefolia camtotus

Fig. 12. — Borehole Brou 1 (Broumov) from the central part of the Intra Sudetic Basin, Czech Republic, 16°21'E - 50°35'N, lithology
and biostratigraphy. 1, Oplustil & Pesek (this volume); 2, Doubinger et al. 1995.

Kladno-Rakovnik basin in the Zatec area. Detrit-
al material was probably derived from sources
which already supplied the underlying units.

intense acid and basic volcanic activity. The vol-
canic centers existed outside the central and wes-
tern Bohemian basins and also inside the
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LATE CARBONIFERQUS AND EARLY PERMIAN OF THE BOSKOQVICE GRABEN

Boskovice Formations Macroflora Palynomorphs Weswg; e}l
ages

'x Walchia piniformi
Q ‘alchia piniformis
‘\x Autunia conferta
N
;} Autunia naumanyi Potonieisporites
*\ Upper novicus
[N red Lodevia nicklesii
N
N Florinites
§ Dichophylium minutus

flabellifera
PQ Odontopteris
§ minor AUTUNIAN
Nes Odontopteris
\{‘ osmundaeformis
N i Odontopteris
N= brardii

== Rosice-
%,—. —— Oslavany
\ 2l m e e m e
\ Lad Lad
N Sphi hyli
ohenophylium
g - angustifolium
SOmp s
_\._ :
0 % & Basal red STEPHANIAN C

BASEMENT

Fig. 13. — Boskovice Graben, Czech Republic, 16°25'E - 49°10'N, lithological and biostratigraphical scheme.

However, the Late Proterozoic mctamorphites
and Early Palaeozoic rocks of the Barrandian area
seem to have played a more important role as a
source. In addition, the occurrence of conglome-
rates containing pebbles of Silutian and Devo-
nian carbonates indicates that some new source
areas of detrital material must have existed.
Crystalline complexes of the Tepld, Krusné hory
Mountains and Lugicum in particular probably
also played an important role as source areas.

The Semily Formation (Fig. 11) together with
yet unnamed units of the same age constitute
Stephanian C sediments in the remaining
Sudetic basins. The sedimentary domain of the
most important Sudetic basins, the Mnichovo
Hradisté and the Krkono$e-piedmont Basins,
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was surrounded by source areas to the south, east
and north. The alluvial plain of the Sudetic
basins was connected with the central Bohemian
alluvial plain to the West. Both plains share the
flaviolacustrine and lacustrine deposits. Lacustrine
sediments in these basins pass in fluviolacustrine
to fluvial deposits toward the margins of the allu-
vial plain. Small peat bogs in the Krkonose-pied-
mont Basin were formed during the period of
reduced sediment supply. The deposition was
locally accompanied by contemporancous inter-
mediate to basic volcanism. It is possible that the
Sudetic, central and western Bohemian basins
were drained by several screams through the area
of present Krusné hory Mountains into Saxony.

Individual, small basins elongated NNE-SSW
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and supplied with clastics from the west and
mainly from the E probably existed in the
Blanice Graben near Ceské Budéjovice and
Tabor. The area near Cesky Brod may have been
connected with the cencral Bohemian alluvial
plain in the N (Havlena & Pesck 1980), A mar-
ked zone of piedmont sedimentation with allu-
vial fans and talus was formed along an arched
source area E of Cesky Brod. Minor coal-for-
ning vegetation I«)call) grew in small shallow
lakes.

A narrow basin was formed in the Boskovice
Graben (Fig. 13) W of the large arched blocle of
the Brno Massit. Morphologically marked boun-
dary of this block was rimmed by a zonc of thick
talus deposits and alluvial fans. Minor fluviola-
custrine and lacustrine sediments were deposited
contemporancously with piedmont sediments
west of this area. Organic deposition was restric-
ted only ro the Rosice-Oslavany arca. Minor
contemporaneous volcanic activity was recorded
here.

Autunian sedimentation in the Bohemian Massif
probably occurred over a latge area interconnec-
ting all limnic basins of the Czech Republic.
Gradual cessarion of deposition was due to
arching of the western and central parts of basins
in western and central Bohemia. Consequently,
higher thicknesses of sediments were deposited
in the Mseno-Roudnice Basin only. This basin
and the Suderic basins constituted a newly for-
med basin which also included the newly formed
Orlice Basin and the Boskovice and Blanice
Grabens. In contrast to the Stephanian C, the
extensive subsidence during the Autuntan time
shifted into the Sudertic basins and also in the
Boskovice and Blanice Grabens where sedimen-
tation reached it peak.

Autunian sedimentacion in the Intra-Sudertic
Basin (Fig. 12) includes deposits of alluvial fans
and sediments brought prabably by ephemeral
streams (Vernéfovice Member), The upward
decrease in grain size indicates an extensive denu-
dation of source areas which resulted in the pre-
valence of alluvial plain and lacustrine sediments
over Huvial channel deposits. Sedimentation of
the Beckov Member (Chvalee Formation) in
particular was accompanied by strong volcanic
activity west of the Intra-Sudetic Basin.

GEODIVERSITAS « 1998 « 20 (4)
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However, in the Intra-Suderic Basin itself, only
pyroclastics occur, Stmilac development of the
sedimentary filling is also known from the
Ktlzonoie-piedmont Basin (Fig. 11) bur its latest
Aurunian unir (Chotévice Formation) includes a
large proportion of evaporites (Prouza et al.
1977).

The developmenr of the Blanice and Boskovice
Grabens rcached its peak during the Autunian.
Borh basins are characterized by extensive subsi-
dence along the eastern boundary of permancnt-
ly uplifting blocks. Margins of those blocks were
source areas for sediments. of alluvial fang and
talus deposits, Fluviolacuserine sediments occur-
ring in central and eastern parts of hoth grahens
originated in sousce arcas located cast of these
basins (Fig. 13). Thesc areas were gentdly arching
and formed morphnlogicaly low relics.
Fluviolacustrine sedintents which are in hetero-
pic relation o marginal sedimentarion in the
east, passed gradually toward the north into simi-
far sediments in the M3eno-Roudnice Basin
and/ar in the Suderic sedimentary domain.
Sedimentation in the Boskovice Graben was
accampanied by a weak voleanic activity.
Autunian and Saxonian sedimenes preserved
along the Lufice fault in northern Bohemia pro-
vide an evidence for the connecrion of the
Bohemian basins with similar basins in Saxony.
These basins may have been also drained into the
North Suderic Basin in Poland.

The deposition of dominantly fine detrital marte-
rial indicates continuing denudanion of the
Bohemian Massif. Several formerly buried unics
wete uplifted and exposed to erosion as eviden-
ced for example by pebbles of Eatly Palaeozoic
cachonartes in the Mseno-Roudnice Basin.

The deposition of sediments of both stages stu-
died wok place in a warm to hot climate which
gradually became arid.

CORRELATION OF THE CZECH LATE
PALAEOZOIC CONTINENTAL BASINS
WITH SIMILAR BASINS IN FUROPE

Various types of continental basins occur in the
Bohemian Massif. Despite their comparable geo-
tectonic position with similar continental basins
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of Variscan Europe, they usually differ in straci-
graphic range of their sedimentary records and in
size and architecture, Such differences accur even
within rhe Bohemian Massif. On the opposite,
there is a strong resemblance of the Blanice and
Boskovice Grabens with similar basins in the
French Massif central, In both areas, narrow half-
grabens with a high subsidence rare developed
during the Stephanian and Permian. Their gene-
sis is relared to wrench faulring connecred with
Variscan orogeny (Ziegler 1986).

Stratigraphic range of the basins in central and
western Bohemia and Sudetic area has probably
no exact equivalent in any other basin of Europe.
Some hiatuses traceable in different basins of the
Variscan chain and its foredeep may have been of
correlative value. The important hiatus proved in
the basins of the central and western Bohemia
and poorly developed in the Sudetic¢ area is rela-
ted to the Leonian phase defined in NW Spain.
This hiatus has been also recognized in the Late
Silestan Basin in Poland as well as in the Krusné
hory Mountains Basin (in German litetature the
Erzgebirge Becken). and NE part of the Saale
Basin in Halle-Delitzsch district (Schneider ¢f /.
1994) in Germany. In rhe W European foredeep
this hiatus corresponds with the termination of
paralic deposition and onset of non-marine sedi-
mentation.

CONCLUSION

The internal parts of the European Variscides
including the Bohemian Massif contain a num-
ber of the Late Palacozoic continental basins
whose initiation and development are related to
final phases of Variscan orogeny. The dominant
role of strike-slip faulting was emphasized b_v
many authors (Arthaud & Matte 1977; Ziegler
1986). In the Bohemian Massif the tole of wrench
faults was. recently demonstrated by Pasek &
Urban (1990) on an example of the Pilsen Basin.
Continental basins of the Bohemian Massif were
formed in two periods: in the Namurian-
Westphalian period and in the late Stephanian
period. During the Namurian but mainly in the
Westphalian, ‘the basins of central and western
Bohemia and Sudetic area were formed. In the
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late Stephanian only a few kilometres wide but
tens of kilometres long half-grabens (Blanice and
Boskovice Grabens) of NNE direction were ori-
ginated.

In the middle Westphalian the deposirion took
place in two scparated areas — in western and
central Bohemia and in the Sudetic area, Basal
sediments of both depocentres infilled erosively
or tectonically established river valleys. SW-NE
trending morphological depressions contrast
with nearly N-S nacrow graben-like tectonical
valleys, described from the Plzeri and Kladno-
Rakovnik Basins (Pafek & Urban 1990; Pesek
1994), the ditection of which is comparable with
that of the Blanice and Boskovice Grabens.
During the Westphalian D and Cantabrian an
extensive increase in sedimentary area resulied in
connéction of central and western Bohemian
depocentre with the one in the Suderic drea
around the Westphalian-Stephanian boundary.
Anorher substandal widening took place after a
hiatus in the Stephanian C when the sedinienta-
ry arca reached its maximum due w newly esta-
blished grabens which were connected with
basins of the Sudetic area.

Sedimentary record in most of the Czech Late
Palaeozoic continental basins is interrupted by
several hiatuses. In the Westphalian and
Stephanian two important interruptions have
been proved on the basis of floristical and litho-
logical changes. The first one, ranging from the
Late Bolsovian to the Early Westphalian D is also
detectable in some other basins in Poland and
the castern part of Germany. The second hiatus
is dared to the Early Stephanian C. During both
hiatuscs significant reworking of tecronic and
structural plans of basins and their basement
resulted in changes of sourcelands and an exten-
sive widening in sedimentary area accompanied
by shifting of the axis of maximum subsidence
after a hiarus. Another, however, only floristically
evidenced gap is supposed by Wagner (1977)
from Late Cantabrian to Early Stephanian B.
Tecronic activity was connected with intensive
volcanism concentrated mostly into middle
Westphalian and to the Stephanian C-Autunian.
For the Westphalian, humid and probably warm
climate is assumed. Since the Late Stephanian
(Forezian) a seasonal climate with respect to rain-
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fall fluctuation has been evidenced. Primary red
beds predominate in the Late Stephanian and
Permian sediments as a consequence of gradual
increase in aridity to the end of the Palacozoic.
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